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Tho erfect~ of ph,sma liplds on tho clinical and
anglographlc parametors of 134 patients, In
whom coronary angloplasty was performed In
157 ve!u'el~, were prospectively examined. DurIng a 6-month follow-up, restenosls was detected
anglographlc,ally In 39 patients (29%; 45 vesso's). None of the clinical, biochemical, or anglegraphic variables examined was predictive of
stenosis 'and the tendency of a vessel to restenose Wits not petlent-dependent
but rather lesion-related. However, resbtnosls developed In
31 of 102 vessels (30%) In patients with highdensity-lipoprotein (HDL) cholesterol
:<==:40
mg,ldl,
compared with restenosls
In 10 of 55 vessels
(19%) In patients
with HDL cholesterol
>40
mgfdl (p = 0.092). No significant
differences
were observed
when restenosls
rates were compared In patients
with total cholesterol
levels
>250 mgfdl or <250 mgfdl; no differences
were
seen In low-denslty
lipoprotein
(LDt) cholesterol
levels when comparing patients
with >160 mgfdl
and <160 mg/dl. In 117 patients (132 vessels),
complete
serial blood specimens
were obtained
until the concluding angiography
at 6 months.
During follow-up, both groups (those with and
without restenosls)
had almost similar findings.
Trlglycerldes
decreased
equally In both groups,
and total cholesterol Increased mildly In those
who had restenosls;
HDL and tDL cholesterol
levels increased
significantly
In each group. No
"Ignlflcant
differences
were observed
with respect to edent
of these changes between the
groups. Thus, although lipid levels at the time of
angloplasty
and at 6 months follow-up were not
found to predict the occurrenco
of restenosls,
the association
of Iow high-denslty
lipoprotein
levols and the tendoncy for restenosls
should
not bo overlooked.
(Am J Cardlol 1994;73:1154-1158)
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estenosis aftcr successhtl perculancous translu11linal coronary angioplasty (PTCA) occurs in J()';'{,
10 4()"'ft,or palients (range 2()% to 7()(J,,)within J
to (1 lIlonlhs I 7 despite extensive cllorls to red lice its incidencc with dlllgs and lipid-Iowcring regilllclIS,2--',K 12
Rcslenosis may bc considcrcd as a mulliracl\1rial process
or the arterial endothelium rcsulling rrom balloon injurv
and involving mechanical and hcmostatic ractors am(cefIlIlar prolifem(ion." II' elevated SClllm lipids adverscly arrect Ihe healing or cndolhelillm, it COliId bc that ;111improved serum lipid prolile- will promotc cndothelial
heal in/!, thus rcducing thc reslenosis ratc. Whcreas mllltiplc studies have examined clinical and angiographic ri:-;k
factors ror rcslenosis after fYI'CA,2 4,1.11<;therc is conflicting cvidencc support in/! scrum lipids as a predictor
or restenosis,2,.1,") and no consensus on this issue has yet
cmerged. The prescnt sllldy examincs (hc cllects of
prospectively mcasured plasma lipids on clinical and angiogmphic parameters or palien(s undergoing PTCA

METHODS
Study population: This study included 14XconsecIIlive patients, wilh either stahle- or unstahle :H1ginalsyndrome. who underwcnt sUlTc~rul Iyrc" wilhmll any
complicalions in the suhseqllcnt 24 hours, Thc experimenIal prolocol was approvcd hy thc Iluman Suhjecls
Review Committec or the TH-Aviv Mcdical Center and
all patients gave wrillen informed consent.
Angloplasty procedure" and quantitative analysis:
PTCA was performcd using standard available balloon
catheters, si/cd to the normal lumen diametcr of thc
art cry to bc dilated. Inllation duration and pressurc werc
le-ftto the discrelion of thc angioplasty opcrator. On comple-tion of thc proccdure. 10 minutes were allowed to
pass bcfore resuming angiograms of thc dilatcd vessel.
A (inal angiogram was perfor1l1ed aftcr (1months unless
1he pat ien!' s cl in it'al condit ion neccssitated earl ier intervenlion, If no restenosis was present and the follow-up
time was within 2 months, the paticnt was reqllested 10
undergo further coronary angio/!raphy al (1 months,
()ualilative analysis of coronary morphology was ohtained by consensus Hta hlinded rcview oflhc angiograms
by a panel of J cxperienced cardiologists. Quantitalive
analysis of the lesions before and aftcr lyrcA and al follow-liP was performcd, jn identical projections, hy means
or manual edge-dctcclion and conJl2uter-assistcd calcul;l.
n
.---~---tions as previously described. 1(,Succcssful PTCA was dclined as ::>2()%rcduction in lumin:i! diamclcr of Ihe diI'nlll1 Ill<'I )q':llllI1eI11' or (':I,diolog}' :11111
('lil1ic:" ( 'hel11islr)', TelA viv
SOI11:1,ky I\-kdil'al ('el11el'. S:1!'klcr S,hool of I\kdidl1e. TeI-A\'i\' (Il1ihied segmelit and <5()<7n
dialnelcr stenosis immediately
\TISi!)'. I"a.-l. r'\'I:III1"t'Iil'l re,dved Sq'Iell1hn lO. 199.1: revised 111:11111alkr
lyrCA.
Restcnosis
was
defincd as a narrowing of
-'('Iil'l n'lTived :1I1daccepled Novell1her i.\ IC)CI.1,

AII<"e-" 11111!'l'rifl": Mic' Hol", 1\111,Ilel'a11111cfll of C:m!ifllogy.
'I'd Adv I\kdil'al ('('111('1'.(, \Vei"flafl SIn'!'!. TeI.A\'h' (,,121'1. l'I:Iel.
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>:1()(Yr,;11the

sitc of prcviousdilation mcasuredfrom Ihc

same angiographic vicw.
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Patient management and follow-up: Afier lyrcA,
patients were transferred to the cardiology ward where
they were monitored and frcquent vital signs laken for
al least 12 to 24 hours. A conlinuous heparin infusion
(hegun during lyrCA) was administered for 12 to IX
hours and routinely discontinued 4 hours before the intravascular shealh was rcmovcd. All paticnts wcre dischargcd with instruclions 10 take aspirin 12:'1mg/day to
2:'10mg/day alld dillial.cm <)0mg/day to IXOIllg/day I
102 days aner JYrCA; a 12-lead elcctrocardiogram was
recorded at discharge. Patients were secn at the outpalienl clinic al I, 2, 1, and 6 months aner IYI'{.'Afor an
intervicw, physical examillation, and a 12-lead electrocardiogram.
Laboratory tests: Overnighl fasting hlood specimens werc ohlained al haseline and at follow-up clinic
visilS, and illcluded detcrmination and Illeasurcmenl of
total cholcsterol, low-densily lipoprolein (LDL) choleslerol, high-densily lipoprotein (IIDL) cholesterol, and
triglycerides (mcasured wilh a Boehringer-Ilitachi 717
anaIY/.cr, Mannheim, (Jermany). In addition, complele
hlood chemistry (Beckman Synchron CX.\ Beckman hlstnullcnls 1nl', La Brea, California), complcte hlood
count, prothrombin timc and par1ial Ihromhoplaslin activity, and urinalysis were measured.
Left ventricular function: Paticnts underwent 2 radionuclide studi<.~s
performed 24 1072 hours aner IYfCA
and immediately hefore the follow-up angiogram. Left
ventricular ejection fractioll was determined and all ntdionuclide examinations were assessed hy the same cardiologists unaware of the clinical course of the patients.
Data review:The followingvariahleswercanalyzed:
CLINICAL:
age, gcnder, cUlTentsmoking, diabctes mclJitlls, hypertension, hypcrlipidemia, dural ion of angina,
type of angina or recent myocardial infarction, location
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TABLE 11 Comparison of Lesion Morphology and Angioplaslic
Procedure Parameters of Patiellts With alld Without Restenosis
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of infarctioll, recent (up 10 10 days) use of an inlravenous
Ihromholytic agcnl, and clinical status during follow-up
and npon complcrion of Ihc study.
AN(i/O(iRAI'III(':The pre- and postangioplasty features
as well as the follow-lip ICatures of the dilated artery included the following variables assessed at ,111end-diaslolic frame: dilated artery, proximal mid- or dislill slem)sis location, I-, 2-, or .1-vesscl disease using the 5()%
diameler stenosis dclinirion; length of thc slenos;s; location oflhc stenosis al a bcnd 01'>4)°; anti hranch point
local ion, Ihe preangioplasly prcsence of contmst staining, or a filling dercct suggcslive of thrombus and collaleral circulation 10 the dilated artcry.
Statistical
analysis: All resulls or conlinuous variables are exprcssed as mcan :i: I SD. Dillcrcnces bcI ween conIinnolls variablcs were compared using Ihc

Student's I lesl for 2 groups and multiple analysis of
variancc was used for the repeated measurements. Di ffcrcnces hetwccn discrete variahlcs were comparcd by
using univariale chi-square analysis. A r vallle <0.0)
was considered significant.

RESULTS
Patle.ntpopulation:Of Ihc 148palienlsincludcd,9
refused 10have a finalangiogram and 5 patients, in whom
inadequate blood samplcs were dmwn al baseline, wcre
excluded from Ihe final analysis. Thus, 1J4 patienls
whose ryrcA was performcd in 157 vcssels constituted
Ihc sludy population.
Baselinebiochemicaland anglographlcdetennlnanttJof restenosls: Restenosiswas dclcclctl angioPLASMA
LlPIDSANDRESTENOSIS
AFTER
PTCA 1155
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I vrr - Hi-;';~~~o'linll h",lin;;-:-~:;t,I.rovl,'ljnll<
;;-;;;-~-.-----.-------.-.--.---.--------.--.-graphically in :19 patients (2l}'Y,,: 4) vessels). Selected
demographic. lahoratory. and an~io~raphic charactl'ristics of patients wilh. and withoul reslenosh arc listed in
l:lhles I anci 11: Bolh groups were comparahle. ,lI1d <1t
nil.ltivariale :In<1lysis110variable was prediclive or slenosis: Ihc1e.nde,il'y oFa vessel lo.reslenose was not paIienFdrpendell1. hut ralher lesion-relnled.
. . Thirly~olle '01'19 palicnls (79%; 16 diseased vessels)
. with reslenosis I",d all IIDI, (:holesterollevel s4{) mg/cll.
when'.;ls 62 or 9"j paiicnls (M'Yr.: 74 vessels) withoul
restenosis hacl' an IIDI, cholesterol $tJ{) mg/dl (p =
O.O!}). Restellosis developed in 11 or 102 vessels (lW/',,)
ill patients with IIDL cholesterol $40 mg/dl compared
wilh JOof)) vessels (1<)'1,,)in palients with I IDL cholesterol >-10 mg/dl

(p

= 0.0!}2).

No significant

dilrcrences

were ohserved when restenosis rates in p:1lients wilh to1:11choleslerollevels >250 mg/dl () palients had cholesterol levels >JOO mg/dl) were COll1pflt!:dwith .hose in
l1;]ticnls with cholesterol levels <250 mg!<ll. The smne
applies for LDL cholesterol levels when patients with
1")1, chole-slernl > 1(10mg/c" were compared with those
with LDL cholesterol <160 mg/dl. This analysis did nol
take inlo account whelher patients Were on a lipid-lowering regimen.
UpldA at follow-up and anglographlc reAtenoAIA:
Time to rereated catheterization was significantly sho.1er
ror patients wilh (20 :f: X weeks) than wirhOl.t (24 :f: )
w('('ks) restenosis; p O,(XI).Tahk III presents 'he perccn' changc I'rom haselinc to lillle of rcpealed angiogra.

=

--

phy or the various lipid variables examined. In 117 P:1ti('nts (with 112 vessels). complete seri<11blood specimens
were obtained unlil the concluding angiogmphy at (1
lIIonths (27 patienls underwenl cardiac catheteriz:1tion
carlier hccause or reculTence or symploms). 111e lipid results or these patients arc listed in Table IV. Both groups
(wilh and without restenosis) h<1dsimilar findings. and
triglyc('rides decreased equally in both. During followlip. apart rrom tot<11cholesterol. which increased only
mildly inlhe group with restenosis. nil olher variables increased signi1icantly in each group over tillle. but no difference was ohserved between groups with regard to exIC'IIIor change. No condation was found hctween the
tendency 10 restenose and d1<1nge in plasm<1 lipids over
lillle.
DISCUSSION
This study shows Ihal sho.1-tenn (6 monlhs) restenosis afler lyrcA is no"lctermined by pl:1sma levels or tolal choleslerol. or IIDl and LDl cllOlesterol levels. or
by triglycrricles at the time of the prot"edme. if Ihese
lipids arc nol pro roundly :1ltered. However. a trend toward inlTeased restenosis rate was observed in vessels
or patients who had an IIDL cholesterol'evcl ~40 mg/dl
al the tillle or PTCA (10% restenosis) compared with
Ihose who hml :1n IIDl cholesterol >40 mg/dl (19%
restenosis).

p

= 0.092.

During

rollow-up.

,Ire al increased risk ror restenosis, 11.12our results arc in
agreemcnt with olhcr reports that have been unablc 10
makc il convincing ilssociatiol1betwecn lipid levcls and
restenosis.I7.IRNevertheless. thc trend observed in our
sludy ror increilscd restenosis in patients wilh an HDL
cholesterol ~40 mgldl corroboratcs previous observ<1tions. Shah ilnd Aminl9 demonstmted a highly signifi-

'-'---'-'---

TABLE IV PlilSfT1i!t ipids ill Baseline ilnd During Follow-Up in 117 Patients
Umlrrwf'nt SIIr.r.f'ssflll COtolli!ty I\np,ioplasty
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225 :!: 35
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NS
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0.00]
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14 1 . 26

170 + 57
223 +, 39
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]58:!:
218:!:
44:!:
149:':

NS
0.08
0.001
0.04

170

of-

81

220:!: 31

43

+

9

the significant

increase observed in IInl cholesterol (Table IV) cliclnol
alfect the final outcol11e. The tendency to restenose h:1d
no cOlTelalion with <1nychange in the plasma lipids concent rat ion.
Although the associ<1tion or senllll lipid levels with
risk of atherosclcrosis is well established. sludics Ilml
have eX<1Ininedthe potenlial role or serum lipitls in the
coronary restenosis process hnve hccn inconclusive. 2-4
Although some studies have suggested Ihat palienls with
hypercholcsterolemia or Iow levels of IIDL cholesterol

4,5 :!: 8
153:!: 28

in '"hlo ,.
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p Value

58
42
9
34
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APPENDIX
can I relation between a Iow IIDL cholesterol level and
reslenosis rail' aher coronary angioplasty. An III >L
The Ichilov Magnesium Sludy Group (Co-Investigators): Catheterization Laboralory: Aroll Frimelman, MD,
cholesterol level <40 mg/dl was associated with a nearly
Avraham Panics, MD; Uri Roscnshcin, MD; Nudear
fourfold higher reslenosis rate than IIDI, cholesterollevels >40 mg/dl, and a shorter lime to reslenosis. The level
Mcdicine: Buris Shargorolzki, MD, PhD, Dora Bemfeld,
of LDL cholesterol was not signili~anlly related 10 MsC; Clinical Chemistry: Eran (;raIL PhD, Anlla lIarsal.
restenosis.
PhD, Guslava Stelldig-Lindberg. MD, PhD; Outpatient
Clinic: Arid Finkdslein, MD. Di/a Zarfati, RN.
Our sludy population did nol include patienls with
extreme serum lipid abnormalities and only a small fraction of palienls had lotal cholesterol levels >]00 lI1g/dl,
SCII")"' I'W.I.,,;jl("ll IIE.IIe-"IIKJ, (;,.",~"",
K, ,kITY"" 1'1. V"" 11<"11
lit ",,11~I.
IIDL cholesterol <]O.lI1g/dl, .or LDL choleslerol > IXO 1.Ild'~',
1111', k" I(n"." 'If, V"" h (.A. 111Ir.,.AIt"I'1"(. h...i,k"n' "I "."'.II",i, ,,'
Illg/dl. Nev.erlhelcss, it has heen suggesfed by Roherts1U k""'Tc,.,11I1 n'",n",y ,n'r.i"I'I.",y: ",;"... ,et"'n'I'It,."""".",,,..
A 'I""",;",'i,.,. "It
r.i"r."'I'It;c "",I). ill 1.11("II""Tllli\"<" I',,'i,.,," ,,' I. 1. I "'"' .11II"",It,. (.;1<"1",;",,
that all patients wilh coronary artery diseilse have choles1')XX:17:.lhl \71.
fenil levels that mic.toohigh rhr Iheir vasnllar hiology.
2. II"It",., DI( h. Vii,.""" HI'. Sllli,lt 11<".v,."".",
(;W. K,.", KW, ("It"ky ~IJ.
The hypolhesis that liphl I(Jwering niay play a rolc in r""", 1)1', (i'"("II'/il' AI(. Kchcy SF. D,.",. KM. V,'" H"lIc" ~IJ, ~I",~ ~III
resloratioil of normal endolhelial hllldion after !'TCA .'{,.",."",i, "fI,.,. 1"'" """"."", '",mltlllli",,1 """"'"Y ""I,i"I""."Y (1'1 ("A): " 'q"'"
h"lII ,ltc IT("A "T;"'y
,,' Ih,' N",i"",,/lk,"1.
111,,1', ""IIIU,"",
h",i"",'. .1",1
l'ncomagedsludics
.aimed to suhsl,II.lIially manipulale
(.",,/1,,1 I<)XISI: 17(. X1('
3. I Cillll'",IH 1'1'. 1{""It;" (is, 11"11111",,J. ("""""i,
(i". ~ki,., B, 1)""r.I", JS.
lipid meiaholisll"l: I i"owever, although a hcnelicial eflccl
Ki"g SB Ill, (;IIIC"'/;g,\lC
H,.,',."",i, "fin ,m.'T"fl/"""",,"y
""gi"I'I""y i"I"'.
of omega-] fatly acids was reporled hy some invesliga,i.."" wi,h ,i"g'" 'Tssd ,Ih,.",c. ("i" "I",i.." /"}XI>;7I:7'" 717.
tors,212J olhers showed that it had no elkct on Ihe in- 4. <ill;'n,,' VI', B<IIII"ss" ~1<;, lI"vid I'H. 11011""H, ("Iq""'" J. lIy"l" I. 1.".'l'l".
""Vl' J. n,.",.,,",i,
"ill'ISII'H"rllll"",."',,m'oll'
I1:11
,,111111
ill,,1c""'""'y '"I!';°I'!""Y:
cidence of restenosis.ln.24 The same applies to lovastalin
The MOIIII""! lIea,l h",illlle "'I".li,.lIve. ..\111./C,lIdi..1 ")X7:W:~1!1I ~~II.
in which Sahni et aI2.~showed a significant reduction in 11.
1'111.,1SMI'<i. V;III,In Fdl/. T", 11,,1ET. v"" Bogc,ijm I.. V"" dVII Ile-'g F. ",rc<;lenosis mic, while J lollmnn et al26 found no advan'."1' ('Al'l , I"o~~," IIWT. I.",,!! k,,1I ,,"~io""'l'h;,. It,lIow liP, nonli",. .'w"ls. ",,"1
ill 1"";<"I1's
"mk'goillgpe,m"""'IIII'II"""II",ill"I,o""",,}'""gi°I'I""y./I,
tage using an aggressive lipid-lowering regimen (in- slII.iv,,1
1/"""./ II)X7:~7:nll 21~.
cluding lovaslalin).
8. Mdlrill,. W, I.:tllr.'. nA. lIilli, 1.11.H,',I<'"osi, "IIn .""ll""f,,! ,o""",,}' ",,~io
I'"",y. 1'",III'l'hy,io'"r.Y"",II"cvcllli"". N r:"gl.l Mc'/ "IXX:IIX:17.1.111.17.
Most studies are limiled by the lack of arleriography
in asymptoma.ic patienls and lack of lipid fracfions or 7. V"",lo"lIn,1 ~1<;.Iklillr.°,,"1 1.1.. K,.", ~1J. ~111"il,',ioll",'",o"'y ""g;"I'I,,s'}'.
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